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The present study was undertaken to explore some of the
physiological and morphological effects of LSD-25 on rabbit
spermatozoa. Rabbit spermatozoa were collected with the
aid of an artificial vagina and maintained ±n vitro in NJ-3
solution and in LSD-25 solution.
Rabbit spermatozoa exposed to LSD-25 were more motile
at zero time and also maintained a higher motility rating
after 24 hr than cells maintained in HJ-3 solution. These
same cells also lived longer than spermatozoa exposed to
NJ-3 solution. Glucose uptake by rabbit sperm cells treat
ed with LSD-25 showed an initial increase in oxygen utiliza
tion only to decline to zero after 24 hr.
Electron micrographs obtained from this study illus
trated loosening or blebbing of the acrosomal and plasma
iii
membranes of unincubated rabbit spermatozoa. The membrane
effects seen here resemble the effects seen by Bedford (1964)
in rabbit spermatozoa recovered from the uterus. The plasma
membranes of spermatozoa incubated in LSD-25 were completely
detached from the acrosomal membrane. The plasma membrane
adheres only at the anterior end of the acrosomal membrane
of the sperm head in normal spermatozoa.
The midpieces of dead spermatozoa incubated in LSD-25
and unincubated spermatozoa were enlarged at 24 hr. Electron
micrographs of spermatozoa incubated in MJ-3 solution did
not show enlarged midpieces. Electron micrographs of heads
of rabbit spermatozoa treated with LSD-25 showed signs of
regular bands of low and high electron dense materials.
This characteristic was not observed in rabbit spermatozoa
incubated in HJ-3 solution or in fresh unincubated spermato
zoa. Heterogeneous distribution of materials in the heads
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Much interest has arisen lately concerning the effects
of lysergic acid diethylamide (LSD) on the physiology of
mammalian cells. Particularily since the synthesis of LSD-25
in 1943, there has been intense interest in the possibility
that this agent produces harmful effects as well as benefi
cial effects.
Rather than being the subject of careful scientific in
quiry, until recently, LSD has been investigated with an
aura of magic. Very little work has been done with LSD on
the cellular level in vitro, in a manner as to possibly
explain some of the effects of the drug on the sex cells of
multicellular organisms. My work was concerned with ascer
taining some of the physiological and morphological effects
of LSD-25 on rabbit sperm maintained in vitro. In conjunc
tion with this work a study was made to determine the effects
of "aging" on the sperm cells.
The physiological influence of LSD-25 on rabbit sperm
were assayed on the basis of its effect on oxygen consump
tion, glucose uptake, and motility. Light microscopy and
electron microscopy were employed to reveal the morphologi
cal changes of the structure of aged sperm and those exposed
to" LSD-25.
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My research contains observations that are significant
and provocative to the extent that additional work on the
subject matter is desirable.
CHAPTER II
REVIEW OF LITERATURE
At a time when drug abuse and addiction, particularly
in the young, threated to overtax the resources of the
medical profession, investigations of lysergic acid diethyl-
amide (LSD) effects on the sex cells of multicellular or
ganisms is appropriate. After communicating with Dr. Thomas
Mann at the University of Cambridge, Cambridge England, con
cerning the feasibility of this type of research, I was con
vinced that the direct effects of LSD on cells maintained in
vitro have largely been unexplored and that my project was
unquestionably justified.
The number of published papers on LSD is said to be
now in the region of one thousand. The perusual of these
publications soon convinces one that the amount of precise
information is incredibly slight. Most of the literature on
the toxic effects of LSD is related to studies concerned
with the effects of the drug on the genetic changes of cul
tured leukocytes and leukocytes obtained early in pregnancy
from human users and exposed hamsters and rats.
Rabbits were selected as a source of sperm cells because
there was no place available to keep larger animals from
which cells would have been more readily available. Semen
was collected from rabbits with the use of an artificial
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vagina (AY) (Bredderman, Foote, and Yassen, 1964). The
rabbit sperm cells were maintained in NJ-3 solution (Johnson,
1966). The differential staining techniques of Campbell,
Dott and Glover (1956) were employed to ascertain viable
spermatozoa during these investigations. To determine the
quality of motility and percentage of motile rabbit sper
matozoa, techniques used by Johnson (1966) with swine, were
used successfully to rate the motility of rabbit sperm cells.
The study of morphological characteristics of normal
rabbit spermatozoa was made using electron micrographs by
Bedford (1964), Quinn, White, arid Cleland (1969), Hadek
(1963), and Bishop (1962). Bedford's work showed freshly
ejaculated rabbit sperm and spermatozoa recovered from the
uteri of female rabbits. The studies of Quinn _et al. showed
that ram spermatozoa subjected to cold shock and freezing
caused blebbing or sY*relling in the appearance of the acro-
somal region. Hadek showed through electron micrographs
that the cell membrane of the bull spermatozoa adheres firm
ly only at the tip of the acrosome and the post nuclear cap,
while it does not adhere as firmly around the rest of the
head of the normal spermatozoa. Bishop's studies on the
structural characteristics of the acrosomal region of the
heads of rabbit spermatozoa are similar to Hadek's findings.
These changes of the acrosomal region of the ram spermatozoa
are comparable with those seen in the electron micrographs
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of rabbit spermatozoa that I incubated in LSD-25.
The investigations of Gibbons and Grimstone (I960),
Fawcett (1958, 1962) and Fawcett and Hamilton (1962) on the
structure of flagella of flagellates proved useful to this
study. The results of these investigations provided a basis
for my interpretations of the micrographs of sperm flagellar
structure. Electron microscopy studies of the raidpiece and
tail of the sea urchin spermatozoa (Afzelius, 1959) were al
so used for comparison with micrographs obtained in this
study.
Prior studies of the effects of LSD have been primarily
concerned with genetic effects. In addition to genetic
changes there is a possibility that LSD in some way influ
ences the metabolic activities of the cells. Therefore,
studies of the oxygen uptake and glucose utilization were
included in this work. The techniques of Umbreit, Burris,
and Stauffer (1964) were employed to measure the oxygen
uptake. Glucose levels were determined speetrophotometri-
cally. Studies by Nelson (1958, 1959) of the presence and
functional role of adenosinetriphosphotase in the mito
chondria of the midpiece of spermatozoa of many mammals
served as a basis for the formation of the hypothesis con
cerning the metabolic influence of LSD on rabbit sperm.
The sperm obtained in this study were fixed for elec
tron microscopy in picric acid-formaldehyde (PAF) using the
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technique of Stafanini, DeMartino, and Zamboni (1967).
They demonstrated that conventional methods of fixation using
glutaraldehyde, consistently produced a variety of artifacts.
Osmium tetroxide was used as a post fixative (Pease, 1964).
Techniques of dehydration, infiltration and embedding of
rabbit spermatozoa for electron microscopic observation were
similar to Palade's (1952) procedures.
CHAPTER III
MATERIALS AND METHODS
Source and Care of Rabbits
Thirty sexually mature New Zealand white breed rabbits
¥/ere used for these experiments. Eighteen of the rabbits
were obtained from the Cherokee Laboratory, Atlanta, Georgia,
and the Experimental Rabbit Production Center, Griffin,
Georgia. The remaining twelve rabbits were used on the prem
ises of Cherokee Laboratory, Crabapple, Georgia. The rabbits
were caged individually with a supply of water and fed a re
stricted amount of Cherokee Laboratory chow daily. Cabbage,
lettuce, and carrots were available ad libitum throughout
the experimental period. The rabbits were quartered in the
first floor animal room in the Biology Department of Atlanta
University, Atlanta, Georgia.
Semen Collection Techniques
Initially tv/o female rabbit skins were prepared to serve
as teaser devices. This technique was discontinued because
of the expensive training needed and some of the bucks would
not respond to this technique. As a result, the remaining
females were trained as teasers and used in conjunction with
the artificial vagina (AY) to collect semen (Bredderman et
al., 1964). The AV was obtained from the Holborn Surgical
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Instrument Company, London, England. It was made of two
reinforced rubber casings, with the smaller casing fitting
inside the larger casing. A rubber lining was fitted in
side the rubber casing and connected to a drainage tube
and a plastic or glass centrifuge collection tube. The AV
could be cleaned without dissembly, thereby simplifying
semen collections from the rabbits. To collect semen, the
AV was filled with water and maintained at a temperature
of 55-58 C. One female teaser was placed in the male's
cage and the male was allowed to mount. The AV was held in
the right hand and passed between the hind legs of the fe
male. The female teaser was held with the left hand.
Grasping of the female neck skin forward helped to raise
her tail and allowed better adjustment for the male. The
teaser stimulated the buck and ejaculated spermatozoa were
collected in the AV.
Semen volume without gel-mass was determined direct
ly by pouring semen into graduated centrifuge tubes imme
diately after each ejaculation and stored at room tempera
ture until the collection was completed. An interval of
about 10-15 min was interposed between consecutive collec
tions from a male rabbit. A decline in semen volume was
noted with repeated ejaculation. Sperm concentration was
determined haemocytometrically.
To maintain activity of the spermatozoa during the
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experiments, MJ-3 solution was used (Johnson, 1966). This
solution enabled the rabbit sperm to remain viable for a
period of two-three days. This extender was initially used
to preserve bull spermatozoa and proved appropriate for
this study.
Preparation of Semen For Respiratory Studies
The sperm collections were equally divided into centri
fuge tubes with one-third of the total volume being NJ-3
solution (Table 1). The mixture was spun as soon as pos
sible at 845 G for 15 min at room temperature. The super
natant (seminal plasma) was removed and pooled sperm were
mixed with NJ-3 solution for respiratory analysis on the
Warburg Manometric Respirometer. The NJ-3 solution was
prepared by combining the ingredients listed in Table 1
and dissolving these constituents simultaneously in dis
tilled water. Sulfanilamide was difficult to dissolve and
for this reason the medium was prepared with the aid of an
automatic stirring device or warm bath.
Unincubated Sperm
These spermatozoa were collected and prepared in the
same manner stated previously. The cells were rated for
motility at zero time and placed in sterile vials in the
dark. Following storage for 24 hr, the cells were given
another motility rating, prepared for fixation and
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Table 1. Norman-Johnson (NJ-3) extender for rabbit
sperm
Diluent Composition Extender (gm/lOOml)




Penicillin "GH Ha 0.031
Polymixin -B- sulfate 0.00?
Calcium nitrate 0.482




sectioned for observation under the electron microscope.
These samples were prepared as a control for incubation
effects.
Differential Staining
One of the most universal and important attributes of
living cells, selective permeability, has formed the basis
of vital staining techniques in which living cells either
exclude, or selectively absorb, a dye in contrast to what
happens to dead cells. The purpose of this differential
staining technique was to determine the live and dead ratio
of a population of spermatozoa (Campbell ert al., 1956). In
the technique selected, nigrosin-eosin was used as the differ
ential stain. The dead spermatozoa took up the eosin while
the nigrosin acted as a background stain. The stain con
sisted of:
Nigrosin (Baker) 10.00 g
Sosin (Baker) 1.67 g
Distilled water 100 ml
The staining solution was stored in a glass bottle and
maintained at room temperature. One drop of sperm suspension
was added to one drop of the staining solution. After 5 min
one drop of the semen-stain mixture was withdrawn and smear
ed on a clean slide. The total number of dead spermatozoa in
each count of 99 cells was recorded. Dead sperm were a deep
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purplish red, while the live or viable spermatozoa, at the
tine of staining, were unstained. The staining technique
was applied to samples of the pooled spermatozoa before and
after oxygen consumption runs at zero time and after 24 hr.
Preparation of LSD-25 Solution
Lysergic acid diethylamide (LSD-25) was obtained from
the United States Public Health Service, National Institutes
of Health, Bethesda, Maryland, in February, 1969. The drug
was housed under strict provisions at Clark College, Atlanta,
Georgia, as instructed by the National Institutes of Health.
Two capsules, batch number 88601, each containing 1 mg, were
received. Each capsule was dissolved separately in a small
amount of distilled water and diluted up to 5 ml with dis
tilled water and frozen after use. For storage, freezing was
necessary to prevent the drug from loosing its potency.
Motility Rating
Immediately after collection, respiratory trials and
storage, a small amount of the spermatozoa was collected on
the tip of a clean glass stirrer and transferred to a clean
glass slide for microscopic observations of the quality and
percentage of motility. The quality of motility was graded
on the following scales 1, vibratory; 2, poor progressive;
3, fair progressive, and 4, good progressive.
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Oxygen Utilization
The washed semen was prepared for analysis of oxygen
consumption on the Warburg Respirometer. Manometric tech
niques used in this investigation were comparable to those
of Umbreit _et al. (1964). The control flasks contained
1 ml of washed semen and 2 ml of NJ-3 solution. The ex
perimental flasks contained 1 ml of washed semen, 1 ml of
LSD-25 (150 u. g/ml solution and 1 ml of 2x concentrated
IJ-3 solution). The thermobarometers contained 3 ml of
distilled water. After a 15 min incubation period the
manometers were read at intervals of 15 min for 2 hr.
The flasks were carefully removed and sealed for stor
age. Before storage for 24 hr in the dark and at room
temperature, the KOH was removed from the center wells.
After storage the flasks were prepared again for oxygen con
sumption analysis. The KOH was added to the center wells
before placing the flasks in the water bath. Readings were
taken at intervals of 15 min for 2 hr on the second day.
The amount of oxygen consumed by rabbit spermatozoa was com
puted by conventional methods.
Glucose Uptake
The sperm samples used in the oxygen consumption analy
sis at 24 hr were taken immediately from the Warburg for
glucose determination. Mammalian and avian spermatozoa
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utilize glucose and fructose freely, for a limited period of
time, under anaerobic and aerobic conditions. For enzymatic
determination of glucose, 15 ml centrifuge tubes were pre
pared as follows:
Control sample
1.88 ml distilled water
.12 ml sperm incubated in 1JJ-3 solution
1.00 ml NaOH 0.5 N
1.00 ml ZnSO^ 9.1690^
Experimental sample
1.88 ml distilled water
.12 ml sperm incubated in LSD-25 solution
1.00 ml HaOH 0,5 1
1.00 ml ZnS04 9.1690^
Standard 600 JUg glucose
1.88 ml Distilled water
.12 ml NJ-3 solution
1.00 ml NaOH 0.5 N
1.00 ml ZnS04 9.1690$
These tubes were centrifuged at 1850 G for 15 min. One
milliliter of the supernatant was pipetted to 8 ml of Gluco-
stat solution that was contained in Spectronic 20 colori
meter tubes. The Glucostat solution was prepared by dis
solving one vial of chromogen (Worthington Enzymatic Diag
nostic Reagents, Freehold, lew Jersey) in a small quantity
15
of distilled water and diluting to 80 ml. The supernatant
and Glucostat solution were stirred immediately and allowed
to incubate exactly 10 min at room temperature before one
drop of 4 M I-IC1 was added to stop the reaction and stabilize
the color. The tubes v/ere allowed to stand for 5 min before
colorimetric determination on the spectrophotometer at 400m/i.
after setting the reagent blank at zero. The blank contain
ed 2 ml of water, 1 ml of ZnSO,„ and 1 ml of NaOH.
Electron Microscopy
The microstructure of rabbit sperm was examined with the
aid of the RCA SMU-4 and Phillips 100-C electron microscopes.
Electron micrographs v/ere prepared from the following cells:
fresh unincubated rabbit spermatozoa! rabbit spermatozoa in
cubated (used for Op uptake studies) in NJ-3 solution at 24
hr; rabbit spermatozoa unincubated at 24 tor (aged)f and
rabbit spermatozoa incubated (used for Op uptake studies)
in LSD-25 solution at 24 hr. The electron micrographs v/ere
prepared to note any morphological changes which might ac
count for functional differences of the cell. Major empha
sis was placed on the cytological structures of the head
(plasma membrane and the acrosomal membrane), the midpiece
and flagellum of the cell.
Sperm were fixed in picric acid-formaldehyde (PAP)
(Stafanini _et al., 196?) and osmium tetroxide. Previous
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fixation experiments with buffered picric acid-formaldehyde
solution have shown that this fixative penetrates faster than
the conventional electron fixatives, and It is affected only
a little by tissue fluids and plasma proteins. Human sper
matozoa were very well preserved with PAF (Stafanini ejb al.,
1967). For the reasons listed, the FA3? fixative was select
ed for the microscopy work. The fixative procedures of
Stafanini erfc al., are as follows;
pH 7.3
Para-formaldehyde 20 g
Picric acid 150 g
Sodium hydroxide to adjust to pll 7.3
Dilute to 1000 ml with phosphate buffer
Dissociation of para-formaldehyde in the picric acid solution
was obtained by heating (about 60 C) and an alkaliriization of
the mixture with drops of 2.5/S sodium hydroxide in water. A
clear solution was obtained, which was filtered into a cylin
der, allowed to cool, and then made up to 100 ml with the
phosphate buffer. The fixative was stored at room temperature
and has a stability of twelve months. Preparation schedules
for electron microscopy wore patterned after Stafanini _et al.,
(1967) Palade (1952) and Pease (1964) techniques.






tetroxide, buffered at 7.3 or in
Luffs fixative (Pease, 1964).
The sperm cells were centrifuged
before washing.
The sperm cells were washed four
times for 15 min each in a phos
phate buffer, pH 7.0.
The cells were dehydrated in a
series of increased concentrations
of ethanol solution.
After dehydration, the cells were
further placed in propylene oxide
and gradually infiltrated with
Epon 812 or Maraglas, with sub
sequent evaporation of propylene
oxide from a 1:1 ratio of propy
lene oxide and Epon 812 mixture
or Maraglas mixture.
Spermatozoa were transferred to
capsules of pure Epon 812 or
Maraglas. Ratios of 50:50 Epon
A and Epon B plus 1.5$ IMP-30





placed in the centrifuge for a
period of time, so as to collect
a desired amount of cells at the
■bottom of the capsules.
Capsules were placed in an oven
at 60 C for at least 48 hr to ob
tain proper polymerization of the
epoxy resin or Maraglas.
The embedded tissue was sectioned
on a Sorvall MI-2 Porter Blum
Ultramicrotome using glass knives
and a diamond knife. Sperm sec
tions were cut approximately 100 A.
Sections were floated onto clean
uncoated grids of 100-300 mesh
design.
Electron micrographs were taken
with an RCA EMU—4 and a Phillips
100-C at a magnification of 1000
to 10,000 diameters. Additional





The effects of LSD-25 on the motility of rabbit spermato
zoa are summarized in Table 2. The ratings are based on
microscopic observations made by five individuals. Eighty-
five percent of the rabbit spermatozoa incubated in NJ-3
solution at zero time were motile and received a quality
score of 2.7. After 24 hr these cells were 50$ motile and
were given a quality score of 1.7.
The spermatozoa exposed to LSD-25 were 82$ motile at
zero time and were given an average quality score of 3.0.
Even after 24 hr of storage these cells were given a higher
motility rating than the cells incubated in NJ-3 solution
alone. However, it was observed that the cells treated with
LSD-25 solution clumped heavily together. Despite the clump
ing of the cells, the LSD-25 treated spermatozoa were qual
itatively more motile initially and also maintained a high
er motility rating after 24 hr of storage. After 24 hr of
storage, unincubated rabbit spermatozoa were given a motili
ty rating of 2.0 or less and a percentage score of 45-60'$.
No clumping was observed in these sperm cells.
Live and Dead Ratios
19
20












































































* Quality of motility graded on a scale of 4-0, as follows:
0, non motile; 1, vibratory; 2, poor progressive; 3, fair
progressive; and 4, good progressive.
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Table 3 shows the ratio of live and dead rabbit sperma
tozoa recorded from five trials. An average of fifty-four
percent of the rabbit spermatozoa exposed to LSD-25 solution
were alive after 24 hr of storage.
Oxygen Uptake
Oxygen consumption by rabbit spermatozoa incubated in
1J-3 solution and cells exposed to LSD-25 are summarized in
Table 4. Table 4 shows that the rabbit spermatozoa exposed
to LSD-25 consumed more oxygen initially than untreated
cells. There was, however, a decrease in the uptake of
oxygen by LSD-25 treated spermatozoa at the end of the second
hour at zero time and after 24 hr. LSD-25 treated rabbit
spermatozoa ceased to consume oxygen after the second hour
on the second day, whereas, the spermatozoa that were incu
bated in the 1TJ-3 solution continued to take up oxygen.
Glucose Utilization
The experimental results obtained for glucose utiliza
tion by the sperm cells ?/ere irregular. The results are
summarized in Table 5. The data for glucose utilization by
spermatozoa are questionable because of the inconsistent
results. However, the results obtained infer remarkable
differences between the glucose uptake by rabbit spermatozoa
incubated in NJ-3 solution and LSD-25 solution. Rabbit
spermatozoa incubated in NJ-3 solution utilized a considerably
22










































































* These figures represent the actual number of individual
sperm observed.
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Table 4» Averages of the amount of oxygen
utilized by rabbit spermatozoa.
Averages for 5 trials Zero time 24 hr
Cells incubated in
NJ-3 solution
1st hr 7.70/* 1/hr 7.34|Ul/hr
2nd hr 4.00 p. l/hr 4A7\x l/hr
Cells incubated in
LSD-25 solution
1st hr 8.57jbil/hr 5.87/a l/hr
2nd hr 1.70 |U l/hr .OOjUl/hr
24





1. 140.6 >tg/24 hr
2. 147.2 ;*g/24 hr
Avg. 143.9 JUg/24 hr
Avg. of five trials 65.5 jm.g/24 hr
Eabbit spermatozoa incubated
in LSD-25 solution
1. 57.2 >cg/24 hr
2. 29.4 jig/24 hr
Avg. 43.3 ^g/24 hr
Avg. of five trials 17.3 ^.g/24 hr
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higher amount of glucose than the rabbit spermatozoa incubat
ed, in LSD-25. Sixty five and five tenths p g/24 hr of glu
cose were utilized by rabbit spermatozoa incubated in NJ-3
solution, while an average of 17.3 U g/24 hr of glucose was
utilized by the cells incubated in LSD-25 solution.
Morphological Changes
In smears prepared with nigrosin-eosin (Campbell el; al.,
1956) from freshly ejaculated spermatozoa, the outline of the
live spermatozoan is clearly defined and its bright refract-
ile head is in sharp contrast to the dark background. The
distinct boundary of the anterior pole of the sperm head
marks the limits of the acrosomal membrane (Pigs. 1-3). An
electron micrograph of fresh rabbit spermatozoa is illustrat
ed in Fig, 4. The dead spermatozoa are stained with eosin and
do not show a sharp background stain (Figs. 1, 2, 3, and 5).
The acrosomal membrane of dead spermatozoa is more or less
inconspicuous 1 a distinct outline of the acrosomal membrane
of the sperm head is not seen.
This loosening of the attachments of the acrosome is
more evident in photomicrographs of unincubated rabbit sper
matozoa and rabbit spermatozoa in LSD-25 solutions (Figs. 6,
7, 8, and 9) than in rabbit spermatozoa incubated in NJ-3
solution (Fig.. 4). These changes in the acrosomal membrane











(Quinn jrb jal. , 1959) and rabbit spermatozoa studied by
Bedford (1964). Quinn el; al., (1969) investigated the chemi
cal and ultrastructural changes in ram spermatozoa after wash
ing, cold shock and freezing. Bedford examined the micro-
structure of rabbit sperm heads in ejaculated samples and
spermatozoa recovered from the female uterus, and concluded
that normal structure of the acrosomal cap in rabbit sperma
tozoa recovered from the uterus may vary over different re
gions.
It appears that the midpiece was enlarged on dead rab
bit spermatozoa exposed to LSD-25 solution (Pig. 5) and unin-
cubated rabbit spermatozoa at 24 hr (Pig. 3). This observa
tion was not made in rabbit spermatozoa incubated in lvIJ-3
solution and freshly ejaculated rabbit spermatozoa.
Electron micrographs of freshly ejaculated rabbit sper
matozoa show a few with bulb-like enlargements of the acro-
some (Pigs. 10, 11) at the anterior portion of the sperm
heads. In the majority of the cells, however, the cell mem
brane appears to be closely adherent to the spermatozoa.
The differences in attachments of the plasma membrane in
different regions of the sperm head is, nevertheless, quite
clear. These characteristics have been observed in normal
rabbit and ram spermatozoa (Quinn _e_t al., 1969; Bedford,
1964).






unincubated rabbit spermatozoa at 24 hr. The acrosomal mem
brane of some of the micrographs (Figs. 6 and 7) of the
spermatozoa heads shows signs of blebbing over the entire
area. Figure 12 shows the plasma membrane detached around
the midpiece and tail of these cells.
Micrographs were not obtained of spermatozoa incubated
in NJ-3 solution at 24 hr (in contrast to sperm unincubated
at 24 hr and freshly ejaculated spermatozoa). Figure 4 did
not show signs of distinct blebbing or swelling of the acro
somal region. The plasma membrane of these cells seems to
be intact around the head of the sperm, as was in freshly
ejaculated sperm cells. The plasma membrane adheres close
ly to the post nuclear cap, wherein it is detached from the
surface of the acrosomal membrane.
Changes in the acrosomal region and the cell membrane
were more pronounced in rabbit spermatozoa treated with
LSD-25. The cell membrane in rabbit spermatozoa incubated
in LSD-25 solution at 24 hr shows evidence of blebbing
Pigs. 8, 9 and 14). These micrographs were compared with
micrographs of rabbit spermatozoa incubated in NJ-3 solu
tion at 24 hr, unincubated fresh rabbit spermatozoa and rab
bit spermatozoa unincubated in NJ-3 solution at 24 hr.
The microscopic features of rabbit spermatozoa incu
bated in LSD-25 solution may be viewed in Figs. 8, 9, 14,
15, and 18. The plasma membrane of sperm heads appear to
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"be completely detached in part with the acrosomal membrane
(Pigs. 8 and 9). Occasionally the head portion of the rab
bit spermatozoa (Pigs. 8 and 18) did show various degrees
of banding. This characteristic was not observed in rabbit
spermatozoa incubated in NJ-3 solution or in fresh unincu-
bated spermatozoa. It seems possible that the presence of
this heterogeneous distribution of materials in the head of
rabbit spermatozoa exposed to LSD-25 solution was due to the
influence of the drug on the cells.
In order to evaluate the treatment effects on the rab
bit flagella structures from electron micrographs, it is
necessary to know how well rabbit sperm flagella correspond
with flagella of other cells and how they are affected by
preparative techniques employed. The widespread uniformity
of the basic "9 + 2" organization of flagella and cilia
(Gibbons and Grimstone, I960; Afzelius, 1959) is already
so well known as to require no detailed comment. All motile
flagellated organisms appear to contain two central and nine
outer fibers. In the present study I dan only state the
presence or absence of structures one sees ordinarily. No
changes in structures were observed in this study, and 1
have at best described only the macromolecular skeleton of
the flagellar apparatus. No consistent differences could be
observed between the form, arrangement or apparent density
of the filaments of the axial complex or the peripheral
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fibrils of the middle pieces of rabbit spermatozoa incu
bated in NJ-3 solution (Pigs. 16, and 17) and rabbit sper
matozoa incubated in LSD-25 at 24 hr (Pigs. 14 and 15).
Figures 4 and 16 show rows of mitochondria in the midpiece
region of cells incubated in NJ-3 solution at 24 hr. Ho
representative micrographs of samples of the midpieces of
fresh unincubated spermatozoa and rabbit spermatozoa unin-









Because of the increased use of LSD among the world's
population, it was deemed important to explore the influence
of LSD on the sex cells of a multicellular organism, because
the physiological and morphological effects of the drug on
sex cells of multicellular organisms have largely been un
explored.
Motility
My observations revealed that rabbit sperm incubated in
LSD-25 showed an enhanced motility when compared to cells
maintained in KJ-3 solution alone. Movement of flagella, in
general, is associated with the splitting of adenosinetri-
phosphate mediated by adenosinetriphosphotase (Nelson, 1958,
1959). The present study was not one undertaken to relate
the activity of adenosinetriphosphate or adenosinetriphos
photase to the function of the fine structure of rabbit
sperm flagella. However, one of the possibilities to account
for the enhanced activity of sperm in LSD-25 is that LSD may
have enhanced the activity of adenosinetriphosphotase.
Nelson (1958, 1959) has presented evidence which suggests
that the contractile phase of flagellar movement is depen
dent on the activity of adenosinetriphosphotase. Bishop
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(1962) also reported that decreases in sperm notility were
due to a decrease in adenosinetriphosphotase content in the
flagella.
Glucose Determination and Oxygen Utilization
The energy requirements of sperm are supplied Toy meta
bolic processes fundamentally not unalike those of other
cells. Glycolytic and respiratory processes generate the
adenosinetriphosphate necessary for sperm motility. Striking
differences did exist in these experiments with respect to
oxygen uptake and glucose uptake exhibited by rabbit sperm in
cubated in NJ-3 solution and sperm incubated in LSD-25.
Table 4 shows that rabbit spermatozoa incubated in LSD-
25 consLuned more oxygen at zero time experiments than the
rabbit spermatozoa incubated in IJ-3 solution. However,
after 24- hr the rabbit spermatozoa incubated in K'J-3 solution
?>rere observed to consume more oxygen and utilized more glu
cose than cells incubated in LSD-25.
Although rabbit sperm treated with LSD-25 showed a de
crease in oxygen consumption, and exhibited a glucose rate
that was lower than that in cells observed in NJ-3 solution,
more cells were alive and motile after 24 hr in LSD-25
solution than in NJ-3 solution. Enhanced viability of cells
in LSD-25 may be accounted for by the apparent inhibition
of the metabolic and physical activities of the cells. It
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is a matter of interest that the decrease in oxygen utili
zation and glucose uptake of cells incubated in LSD-25 at
24 hr did not correlate with the maintainence of the level
of motility seen on day zero for 24 hr. This may be indica
tive of the utilization of another endogenous substrate..
Morphological Changes
Fixation of rabbit sperm preparation for electron micro
scopic examination involved numerous complications. However,
the interpretations of the electron micrographs presented
have increased the information on the effects of LSD-25 on
rabbit sperm cells. Descriptions of the ultrastruetural
organization seen in this report confirm the previous
general descriptions of rabbit spermatozoa studied by Bedford
(1964), Pawcett (1958, 1962) and Eawcett and Hamilton (1962).
Electron micrographs showed loosening or detachment of
the plasma membrane and the acrosomal membrane at the anterior
end of unincubated rabbit spermatozoa (Pig. 6 and 7) and
LSD-25 treated spermatozoa at 24 hr. Apparently this ob
servation indicated that the configuration of the acrosomal
and plasma membranes did not necessarily influence the
viability of these cells. More cells were alive after 24 hr
in LSD samples than in any other sample. It is interesting
that that the electron micrographs that exhibit the loosen
ing or detached acrosomal and plasma membranes in these cells
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are more or less similar to electron micrographs of frozen
and cold shock on the acrosomal membrane and the plasma mem
brane of rabbit spermatozoa.
Blebbing or loosening of the cell membrane around the
flagella was evident. Since the initial motility level was
maintained for 24 hr in rabbit spermatozoa incubated in LSD-
25, it was apparent that the damage seen to the cell membrane
had no influence on motility.
Transverse sections (Pigs. 12, 14, and 15) of sperm in
cubated in IJ-3 solution at 24 hr and cells incubated in L8D-
25 at 24 hr did not reveal any alterations of the morphology
of the axial filaments of the midpiece and tail portions of
the cells.
The electron micrographs of sperm heads incubated in
LSD-25 solution at 24 hr exhibited bands of high and low
electron dense materials. Micrographs of rabbit sperm incu
bated in NJ-3 solution and unincubated cells did not show
evidence of high and low dense materials. In view of these
findings, it seems that extensive studies of rabbit sperma
tozoa exposed to LSD-25 should be conducted utilizing the
electron microscope and histochemical techniques. Hetero
geneous distribution of materials in the heads of rabbit
spermatozoa exposed to LSD-25 has not been reported before.
CHAPTER YI
SUMMARY
An effort has been made to present information regard
ing some of the physiological and ultrastructural features
of rabbit spermatozoa exposed to LSD-25,. The physiological
and microscopical features of rabbit spermatozoa at zero
time, unincubated sperm at 24 hr and sperm incubated in LSD-
25 at 24 hr, have been described. The microscopical findings
are discussed in relation to previous observations on the
structure of the rabbit spermatozoan.
However, the attempt has fallen somewhat short of an
explanation of the mechanisms of increased motility, increased
longevity, the initial increase of oxygen utilization, a de
crease in the level of glucose uptake by the cells, and
stated morphological changes of rabbit spermatozoa due to the
exposure to LSD-25.
The following observations, however, are clear.
1. Dead unincubated rabbit spermatozoa maintained in
IJ-3 solution and rabbit spermatozoa incubated in LSD-25
after 24 hr showed signs of swelling in the midpiece. This
effect was not seen in any cells at zero time or dead unin
cubated cells and cells incubated in NJ-3 solution.
2. Rabbit spermatozoa exposed to LSD-25 lived longer
than spermatozoa maintained in NJ-3 alone.
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3. Electron micrographs revealed a loosened or blebbed
plasma membrane and acrosomal membrane at the anterior end
of the head of unineubated spermatozoa and completely detach
ed membranes in spermatozoa incubated in LSD-25 solution for
24 hr.
4. Electron micrographs of heads of LSD-25 treated
rabbit spermatozoa showed signs of regular bands of high and
low electron dense materials.
5. Rabbit spermatozoa incubated in LSD-25 solution
were more motile than spermatozoa maintained in NJ-3 solu
tion.
6. Rabbit spermatozoa incubated in LSD-25 showed an
initial increase in oxygen utilization only to decline to
zero after 24 hr.
7. Glucose uptake by rabbit spermatozoa exposed to




Afzelius, BJorn. 1959. Electron microscopy of the sperm
tail. J. Biophys. Biochem. Gytol. 5*269-277.
Bedford, J. M. 1964. Pine structure of the rabbit head in
ejaculate and uterine spermatozoa of the rabbit. J.
Reprod. Pertil. 7s221-228.
Bishop, D. T/. 1962. Sperm motility. Physiol. Rev. Yol. 42.
The American Physiological Society, Washington, D. 0.
Bredderman, P. J., R. H. Poote and A. M. Yassen. 1964. An
improved artificial vagina for collecting rabbit semen.
J. Reprod. Pertil. 1%401-403.
Campbell, R. C, II. M. Dott and T. D. Glover. 1956. Nigro-
sin-eosin differentiating live and dead spermatozoa.
Agr. So. 48s1-8.
Pawcett, Don W. 1958. The structure of the mammalian sper
matozoa. Internat. Rev. Cytol. 7^195-234.
. 1962. Sperm tail structure in relation to
the mechanism of movement, pp. 147-170. In David W.
Bishop, (ed.). Spermatozoon Motility. American Associa
tion for the Advancement of Science, Washington, I). C.
and D. W. Hamilton. 1962. Unusual features
of the neck and middle piece of snake spermatozoa. J.
Ultrastruct. Res. 23:81-97.
Gibbons, I. R. and A. V. Grimstone. I960. On flagellar
structure in certain flagelattes. J. Biophys. Biochem.
55
Cytol. 7: 697-7U.
Hadek, Robert. 1963. Study of the fine structure of rabbit
sperm head. J. Ultrastruet. Res. 9s110-122.
Handock, J. L. 1952. The morphology of the bull spermatozoa.
J. Sxpt. Biol. 29:445-453.
Johnson, C. E. 1966. Comparative study of the effects of
environment on the physiology of bovine and porcine
spermatozoa. Ph.D. Dissertation. 'Jest Virginia Univer
sity. 66 p.
Mann, Thomas. 1969. Personal communication.
Kelson, Leonard. 1958. Cytochemical studies with electron
microscope. 1. Adenosinetriphosphotase in rat spermato
zoa. Biochim. et Biophys. Acta 27s634-641.
__^_ . 1959. Adenosinetriphosphotase of Mytilus
spermatozoa. Effects of sulfhydrl reagents, tempera
ture and organic pyrophosphate. Biol. Bull. 117:327-
339.
Palade, G-. E. 1952. A study of fixation for electron micro
scopy. J. Exptl. Mod. 95:285-298.
Pease, D. C. 1964. Histological techniques for electron
microscopy. Academic Press, New York. 381 p.
Quim, P. J., I. G. White and X. W. Cleland. 1969. Chemical
and ultrastructural changes in ram spermatozoa after
washing, cold shock and freezing. J. Reprod. Pertil.
18:209-220.
56
Stafanini, 1,1., C. DeMartino and L. Zamboni. 1967. Fixation
of ejaculated spermatozoa for electron microscopy.
Science. 216s173-174.
Umbreit, W. W., R. H. Burris and J. P. Stauffer. 1964. Mano-
metric teclmiques. Burgess Publishing Co., Minneapolis,
Minn. 305 p.
